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(54) Method of winding a stator core 

(57) A method of inserting coils (137, 139, 141) in 
slots (130, 132, 134) of a stator (112) is provided. The 
method includes interleaving a first set of first phase 
windings (131) and a first set of second phase windings 
(133) on an insertion tool (140). The method also in- 
cludes activating the insertion tool to radially insert the 
first set of first phase windings and the first set of second 



phase windings in the slots of the stator. In one embod- 
iment, interleaving the first set of first phase windings 
and the first set of second phase windings on the inser- 
tion tool includes forming the first set of first phase wind- 
ings in first phase openings (1 42) defined in the insertion 
tool, and forming the first set of second phase windings 
in second phase openings (144) defined in the insertion 
tool. 
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Description 

TECHNICAL FIELD 

[0001] This application relates to stators for electric 
machines. More specifically, this application relates to 
a method and apparatus for providing coils of windings 
in stator cores having increased slot fill percentage and 
reduced end turn heights. 

BACKGROUND 

[0002] Electric machines (e.g., motors or generators) 
have a stator secured within a housing. A rotor is mount- 
ed on a shaft and is positioned within the stator. The 
rotor is rotatable relative to the stator about the longitu- 
dinal axis of the shaft. 

SUMMARY 

[0003] A method of inserting coils in slots of a stator 
is provided. The method includes interleaving a first set 
of first phase windings and a first set of second phase 
windings on an insertion tool. The method also includes 
activating the insertion tool to radially insert the first set 
of first phase windings and the first set of second phase 
windings in the slots of the stator. In one embodiment, 
interleaving the first set of first phase windings and the 
first set of second phase windings on the insertion tool 
includes forming the first set of first phase windings in 
first phase openings defined in the insertion tool; and 
forming the first set of second phase windings in second 
phase openings defined in the insertion tool. 
[0004] A method of winding a stator is provided. The 
method includes forming a first coil and a second coil 
on an insertion tool such that the coils are disposed in 
a set of first and second openings, respectively, defined 
in the insertion tool. The method further includes mount- 
ing the stator on the insertion tool in an aligned position. 
Here, the aligned position aligns a set of first slots de- 
fined in the stator with the set of first openings and a set 
of second slots defined in the stator with the set of sec- 
ond openings. The method further includes controlling 
the insertion tool to radially extend a plurality of strippers 
to urge the first coil in the set of first slots and to urge 
the second coil in the set of second slots. 
[0005] A wound stator is provided. The stator includes 
a stator core, a first phase winding, and a second phase 
winding. The stator core has a central bore for receiving 
a rotor of an electric machine. The central bore includes 
first phase winding slots and second phase winding 
slots formed in an alternating arrangement therein. The 
first phase winding is in the first phase winding slots. 
Similarly, the second phase winding is in the second 
phase winding slots. Here, the first and second phase 
windings are disposed in the first and second phase 
winding slots by radially inserting the first and second 
phase windings from a tool having the first and second 



phase windings interleaved thereon. 
[0006] The above-described and other features and 
advantages of the present invention will be appreciated 
and understood by those skilled in the art from the fol- 
5 lowing detailed description, drawings, and appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0007] 

Figure 1 is a perspective view of an electric ma- 
chine; 

Figure 2 is an exploded view of the electric machine 
15 of Figure 1 ; 

Figure 3 is a top view of a stator; 

Figure 4 is a detailed view of the stator of Figure 3, 

taken from circle 4-4; 

Figure 5 is a top view of a stator for a three-phase 
20 motor; 

Figure 6 is a detailed view of the stator of Figure 5, 
taken from section 6-6; 

Figure 7 is a partial perspective view of an exem- 
plary embodiment of a stator on an exemplary em- 

25 bodiment of a radial insertion tool; 

Figure 8 is a side view, shown in partial cross sec- 
tion, of the radial insertion tool of Figure 7; 
Figure 9 is a top view of the stator on the radial in- 
sertion tool of Figure 7; 

30 Figure 1 0 is a sectional view of the stator of Figure 
9, taken along lines 10-10; and 
Figure 1 1 is a top view of an exemplary embodiment 
of a stator wound by an exemplary embodiment of 
a radial insertion method. 

35 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0008] Referring now to Figures 1-3, an electric ma- 
chine 10 is provided by way of example. Electric ma- 

40 chine 1 0 includes a stator core 1 2 and a rotor 1 4. Stator 
core 1 2 is formed of a stack of layers 1 6. Layers 1 6 are 
made of materials including, but not limited to, steel, 
electrical steel (e.g., steel having high silicone content), 
black iron, and other electrically conductive materials. 

45 Here, each layer 1 6 is coated with an electrically non- 
conductive insulating coating 18. Thus, stator core 12 
alternates between layer 16 and coating 1 8. 
[0009] An example layer 1 6 of stator core 12 is illus- 
trated in Figure 3. Here, layer 1 6 includes a central bore 

so 20 for receiving rotor 1 4 and a plurality of spaced apart 
slots 22 for receiving motor windings or wires 24. Layers 
1 6 are stacked such that slots 22 are axially aligned with 
one another to form the individual poles of stator core 
12. After stacking layers 16, slots 22 are provided with 

55 a layer of electrically non-conductive insulation 23 be- 
tween slots 22 and motor windings 24 (best seen in Fig- 
ure 4). Insulation 23 is, for example, an insulating paper, 
plastic, epoxy, insulating coating or other electrically in- 
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sulating materials. After insertion of motor windings 24, ■ 
a non-conductive retaining clip or wedge 28 is inserted 
to secure the windings in slots 22 and insulate the wind- 
ings from tooth tips 26 (described below). 
[0010] It should be recognized that stator core 12 is 
described above by way of example only as including 
layers 16. Of course, and as other applications require, 
use of continuously wound stator cores, segmented sta- 
tor cores, solid metal cores, and the like are considered 
within the scope of the present invention. 
[001 1 ] The efficiency and maximum power generated 
by motor 10 is dependant, among other factors, on the 
percent slot fill and the end turn height of windings 24. 
The percent slot fill is referred to herein as the percent- 
age of slot 22 that has been filled with windings 24 (best 
seen in Figure 4). The end turn height is referred to here- 
in as the height of windings 24 that extend above/below 
stator core 12 (best seen in Figure 2). For example, a 
percent slot fill of one hundred and an end turn height 
of zero would provide motor 10 with the greatest effi- 
ciency and power possible for the relative size of stator 
12. 

[0012] A small or minimal end turn height is desired 
for several reasons. First, the material in windings 24 
above slot 22 provides extra electrical resistance to mo- 
tor 10, which decreases the motor's efficiency. This ex- 
tra material also increases the cost of the motor by in- 
creasing the cost of windings 24. Moreover, the extra 
material in the end turn unnecessarily increases the 
weight and size of motor 1 0. 

[0013] A high or maximum percent slot fill is also de- 
sired for several reasons. A high slot fill percentage re- 
sults in a large mass of windings 24, and thus of elec- 
trical pathway for current to travel, through stator 12. 
The higher the slot fill percentage, the more power that 
motor 10 generates. 

[0014] The use of motor 10 in hybrid or electric vehi- 
cles is driving the need in the industry for smaller, more 
powerful motors. Accordingly, motor 10 with a high slot 
fill percentage and a low end turn height find particular 
use not only in such automotive applications, but also 
in many other fields of use where efficiency and/or re- 
duced size and weight are desired. 
[0015] It has been found that the method in which 
windings 24 are wound about one another and are in- 
serted in slots 22 has a direct impact on the end turn 
height and the percent slot fill. However, various param- 
eters of motor 1 0 and stator 1 2 effect placement of wind- 
ings 24 in slots 22. 

[0016] For example, and as illustrated in Figure 4, 
slots 22 commonly include tooth tips 26 disposed at the 
open end of the slots. Thus as a result of tooth tips 26, 
slots 22 have a restricted opening or gap 21 , which in- 
crease the difficulty of inserting windings 24 in the slots. 
Similarly, other parameters of motor 1 0 and/or stator 1 2 
effect placement of windings 24 in slots 22. 
[0017] In-slot winding methods have been developed 
that place the individual wires of windings 24 directly in 



slots 22 through gap 21 . However, and as described in 
more detail below, such in-slot winding methods do not 
provide for desired slot fill percentages. Additionally, 
due to the time required to individually wind each wire 
5 of winding 24 in slot 22, these in-slot winding methods 
do not provide for desired cycle time or speed of man- 
ufacture. 

[0018] Axial insertion methods have also been devel- 
oped. Here, windings 24 are axially placed or inserted 
in slots 22. However, such axial insertion is also made 
difficult by various parameters of motor 1 0. For example, 
axial insertion methods are exposed to high friction dur- 
ing insertion in instances where core 12 includes a large 
number of slots 22 and/or is tall. As illustrated in Figure 
5, stator 1 2 has thirty slots 22 divided among three phas- 
es, first phase slots 30, second phase slots 32, and third 
phase slots 34. Thus, motor 1 0 having such a stator 1 2 
also has three phases. 

[0019] In this example, there are ten each of first 
phase slots 30, second phase slots 32, and third phase 
slots 34. The phase slots alternate sequentially around 
the perimeter of stator 1 2 from the first phase slot 30, to 
the second phase slot 32, to the third phase slot 34 as 
illustrated. Thus, there is a one-to-four throw between 
phase slots. 

[0020] More specifically, a coil 25 of windings 24 is 
placed in two slots 22 of each phase. Referring now to 
Figure 6, first phase coils 37 of windings 31 are placed 
in first phase slots 30, second phase coils 39 of windings 
33 are placed in second phase slots 32, and third phase 
coils 41 of windings 35 are placed in third phase slots 
34. In the one-to-four throw arrangement, coils 37, 39 
and 41 of windings 31, 33, and 35, respectively, are 
placed in every fourth slot. The result is a total of five 
coils 37, 39, and 41 for each phase. 
[0021] It should be recognized that motor 10 is de- 
scribed above by way of example. Of course, motor 1 0 
having more or less than thirty slots, more or less than 
three phases, more or less than five coils per phase, 
and/or more or less than a one-to-four throw arrange- 
ment are considered within the scope of the present in- 
vention. 

[0022] The axial insertion and in-slot insertion meth- 
ods are described in more detail below by way of exam- 
ple. In this example, stator 1 2 has three phases, ninety- 
six slots 22, with a one-to-six throw between phase 
slots. Thus, stator 1 2 includes thirty -two first phase slots 
30, thirty-two second phase slots 32, and thirty-two third 
phase slots 34. As a result, sixteen coils 37, 39, and 41 
having fifteen individual windings 31 , 33, and 35 are 
placed within phase slots 30, 32, and 34, respectively. 
[0023] Axial insertion methods are also made difficult 
by the interrelationship of the direction of insertion, the 
tooling used to insert windings 24, and the shape of core 
12. For example, and as shown in Figure 6, stator 12 is 
shown having first phase coils 37 woven through all of 
first phase slots 30. In typical axial insertion methods, 
each coil 25 is formed with all of the windings 24 for a 
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particular phase. Then, all of the coils 25 for that phase ' 
are inserted, in one insertion action, in slots 22. By in- 
serting all of the coils 25 for a particular phase in slots 
22, the axial insertion method enables compression of 
the windings to ensure a high slot fill percentage. 
[0024] However, in order to axially insert second 
phase coils 39 through all of second phase slots 32, the 
previously inserted first phase coils 37 must be moved 
out of the way to give access to the second phase slots. 
Moreover, in order to axially insert third phase coils 41 
through all of third phase slots 34, the previously insert- 
ed first and second phase coils 37 and 39 must be 
moved out of the way to give access to the third phase 
slots. Hence, interference between coils 25 of the vari- 
ous phases results in an undesirably high end-turn 
height for axial insertion methods. 
[0025] As can be seen, axial insertion of coils 25 is 
made difficult and time consuming by the alternating re- 
lationship of the phases. Moreover, such axial insertion 
methods do not provide for desired end turn heights. 
[0026] Additionally, as the slot fill of the windings in- 
crease, the number and magnitude of shorts (e.g., 
shorts to ground, shorts between phases, and shorts 
within phases) increases to undesirable levels. Namely, 
coils 25 of windings 24 are dragged through slots 22 dur- 
ing axial insertion. Thus, burrs and other surface de- 
formities in slots 22 cause breakdowns in paper type in- 
sulation 23 (laminated or non-laminated paper) which in 
turn causes nicks and scratches in windings 24 as they 
are dragged through the slots, which leads to shorts in 
the windings. These motors with shorts need to be re- 
manufactured, which increases the cost of the motor. 
Additionally, the friction caused by dragging coils 25 
through slots 22 prevents the use of epoxy type insula- 
tion 23 between the slots and the coils, which decreases 
the thermal efficiency and does not allow for the 
endturns to be formed against lamination 16. 
[0027] In the axial insertion method, three of the fif- 
teen individual windings 31 (three-in-hand) are formed 
on a shed-winding machine (not shown) five times to 
provide coil 37 having fifteen windings. At which point, 
an axial insertion machine inserts all sixteen coils 37 ax- 
ially in slots 30. This three-in-hand, wrapped five times 
about the shed winding machine, followed by axial in- 
sertion is repeated for coils 39 and 41 in slots 32 and 
34, respectively. 

[0028] Of course it should be recognized that in some 
applications, the parameters of motor 10 (e.g., number 
of slots 22, positioning of the slots, number of phases, 
number of coils, and the like) are such that all windings 
are simultaneously inserted into the stator. Here, all of 
the coils in the first phase are formed and shed onto the 
tool, then all windings in the second phase are formed 
and shed onto tool, and then all windings in the third 
phase are formed and shed onto tool. Next, all of the 
coils are axially inserted into slots 22. 
[0029] A resulting stator 12 is provided having a slot 
fill of about 70%-75%, an end turn of about 23mm at one 



ench an end turn of about 28mm at the other end (e.g., 
total end turn height of about 51mm), and an overall 
winding weight of about 9 % pounds. 
[0030] In the in-slot winding method, one winding 31 
5 is axially placed or fed in slots 30, then one winding 33 
is axially placed in slots 32, and finally one winding 35 
is axially placed in slots 34. This process is repeated 
until all fifteen windings 31, 33, and 35 are in slots 30, 
32, and 34 forming coils 37, 39, and 41, respectively, 
io therein. By feeding one winding 24 of each phase indi- 
vidually, the in-slot insertion method minimizes the in- 
terference between the windings of the various phases 
and, thus, ensures a low end-turn height. However, such 
individual placement of windings 24 results in an unde- 
sirably low slot fill percentage. 

[0031] Here, a resulting stator 1 2 wound using the in- 
slot method has a slot fill of about 50-55%, an end turn 
of about 18mm at each end (e.g., total end turn height 
of about 36mm), and requires an overall weight of wind- 
ings about 8 pounds. 

[0032] Additionally, the axial feeding of the individual 
windings 24 in the in-slot method requires feeding of a 
small gauge winding. Thus, a high number of passes is 
necessary to reach the maximum allowable slot fill per- 
centage. Accordingly, cycle time for in-slot feeding is un- 
acceptably slow. 

[0033] As evidenced by example, the method in which 
coils 25 and/or windings 24 are wound and inserted in 
slots 22 has a direct impact on the end turn height and 
the percent slot fill, and thus overall cost, weight and 
efficiency of motor 10. 

[0034] Referring now to Figures 7-11, an exemplary 
embodiment of a radial insertion method of the present 
invention is illustrated by way of example. Here, similar 
elements are labeled in multiple of one hundred. 
[0035] Illustrated in Figure 7, a stator 112 is shown 
mounted on an exemplary embodiment of a radial inser- 
tion tool 140. Similar to the example provided above, 
stator 1 1 2 is for a three-phase motor and includes nine- 
ty-six slots 122. Stator 112 also has a one-to-six throw 
arrangement between phase slots. Thus, stator 112 in- 
cludes thirty-two first phase slots 1 30, thirty-two second 
phase slots 1 32, and thirty-two third phase slots 1 34. As 
a result, sixteen coils 137, 139, and 141 having fifteen 
individual windings 131, 133, and 135 are formed within 
phase slots 130, 132, and 134, respectively. 
[0036] In Figures 7-9, stator 112 is illustrated in a 
mounted or aligned position on an exemplary embodi- 
ment of radial insertion tool 1 40. Here, tool 1 40 includes 
arms defining a first phase winding opening 1 42, second 
phase winding opening 144, and third phase winding 
opening 146. Stator 112, in the mounted or aligned po- 
sition, has slots 130, 132, and 134 in radial alignment 
with openings 142, 144 and 146, respectively. 
[0037] A coil-forming machine (not shown) is used to 
form windings 131 , 133, and 135 in openings 142, 144, 
and 1 46 about the arms, respectively, in an interleaved 
manner (best seen in Figure 9). More specifically, with 
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stator 112 is moved or indexed to un-mounted or un- 
aligned position where slots 130, 132, and 134 are not 
in radial alignment with openings 142, 144 and 146, re- 
spectively. Thus, in the un-mounted or un-aligned posi- 
tion, the forming machine has access to openings 142, 
144 and 146. 

[0038] Here, the forming machine forms one of wind- 
ing 131 (e.g., one wire-in-hand) five times in openings 
142 of tool 140, thus leaving a total of five wires in the 
openings (e.g., one third of coil 137). Next, the forming 
machine forms one of winding 133 (e.g., one wire-in- 
hand) five times in openings 144 of tool 140, thus leaving 
a total of five wires in the openings (e.g. , one third of coil 
1 39). Finally, the forming machine forms one of winding 
135 (e.g., one wire-in-hand) five times in openings 146 
of tool 1 40, thus leaving a total of five wires in the open- 
ings (e.g., one third of coil 141). The end result of this 
operation is to form five wires 131,1 33, and 1 35 of each 
phase in the openings 1 42, 1 44, and 1 46 of the tool 1 40. 
[0039] Next, stator 112 is placed or indexed on tool 
140 in the mounted or aligned position such that open- 
ings 142, 144 and 146 are in radial alignment with slots 
130, 132, and 134, respectively. Tool 140 includes a 
striper finger 148 for each of openings 142, 144, and 
146. Striper fingers 148 are adapted to move radially 
outward from tool 1 40 to strip the five windings 131,1 33, 
and 135 from openings 142, 144 and 146. Thus, striper 
fingers 148 push the first five windings radially into slots 
130, 132, and 134 through gaps 121 . Stator 112 is illus- 
trated in Figure 10 having one third of coil 137 in slots 
130, one third of coil 139 in slots 132, and one third of 
coil 141 in slots 134. 

[0040] Stator 1 1 2 is then indexed from its mounted or 
aligned position to its un-mounted or un-aligned posi- 
tion, giving the forming machine access to openings 
142, 144 and 146. Now, the forming machine repeats 
the process of having one wire-in-hand and forming that 
wire five times in openings 142, 144 and 146, respec- 
tively, of tool 1 40 to leave a total of five additional wires 
131,1 33, and 1 35 in the openings (e.g., forming a sec- 
ond third of coils 137, 139, and 141 in the openings). 
Stator 112 is illustrated in Figure 7 having one third of 
coil 137, 139, and 141 in slots 130, 132, and 134, re- 
spectively, and a second third of coil 1 37, 1 39, and 1 41 
formed in openings 142, 144 and 146, respectively, of 
tool 140. 

[0041] Once openings 142, 144 and 146 of tool 140 
have five more windings 131 , 133, and 135 formed in 
the openings, stator 112 is then indexed back to its 
mounted or aligned position. Next, striper fingers 148 
push the next five windings 131, 133, and 135 radially 
in slots 130, 132, and 134 through gaps 121 . Thus, the 
second third of coils 137, 139, and 141 are radially in- 
serted in slots 130, 132, and 134. 
[0042] This process of indexing stator 1 1 2 from align- 
ment with openings 1 42, 1 44 and 1 46, forming five more 
windings 131, 133, and 135 in the openings, indexing 
the stator in alignment with the openings, and extending 



striper fingers 148 to push the windings radially in the 
slots through gaps 121 is repeated to provide coils 137, 
139, and 141 having a total of fifteen wires in the slots. 
[0043] Once coils 137, 139, and 141 are compacted 

5 in slots 130, 132, and 134, a non-conductive retaining 
clip or wedge 128 is inserted to secure the windings in 
the slots. Of course, the present invention is not limited 
to securing the windings in the slots by means of wedge 
128. Other securing methods, such as, but not limited 

10 to epoxy adhesives, tapes and the like are considered 
within the scope of the present invention. 
[0044] The forming tool forms windings 131 , 133, and 
135 in openings 142, 144 and 146 either directly or in- 
directly. By way of example, direct forming includes the 

15 use of a needle winder to directly form windings 131 , 
133, and 135 in openings 142, 144 and 146. Similarly 
and by way of example, indirect forming includes the 
forming of windings 131 , 133, and 135 on ashed winder 
and shedding the windings in openings 142, 144 and 

20 146. 

[0045] By way of example and with reference to Fig- 
ure 8, a partial cross section of an exemplary embodi- 
ment of tool 140 is provided illustrating striper fingers 
148. As discussed above, striper fingers 148 are adapt- 
25 ed to move radially outward from tool 1 40 to strip the 
five windings 1 31 , 1 33, and 1 35 from openings 1 42, 1 44 
and 146. 

[0046] More specifically, fingers 1 48 are configured to 
move between an extended position 150 (shown in 
30 phantom) and a retracted position 152. Fingers 148 are 
biased to retracted position 152 by a resilient member 
154. Thus, fingers 1 48 are normally retracted to retract- 
ed position 152. 

[0047] Tool 140 includes an upper die 156 having a 

35 downwardly depending tapered or cone-shaped press 
158. Press 158 includes a cam face 160 adapted to in- 
teract with mating cam faces 1 62 of fingers 148. Upper 
die 156 is configured to reciprocate press 158 between 
an upper position 163 (shown in phantom) and a lower 

40 position 164. 

[0048] In upper position 163, cam face 160 of press 
158 is out of contact with cam face 162 of fingers 148. 
However, the movement of press 158 from upper posi- 
tion 163 to lower position 164 causes cam face 160 of 

45 press 158 to act on cam face 162 of fingers 148. The 
action of cam face 1 60 of press 1 58 on cam face 1 62 of 
fingers 1 48 overcomes resilient member 1 54 to drive the 
fingers radially outward from retracted position 152 to 
extended position 150. Further, the return of press 158 

50 from lower position 164 to upper position 163 causes 
resilient member 1 54 to return fingers 148 from extend- 
ed position 150 to retracted position 152. 
[0049] Itshouldbe recognized that tool 140 for radially 
inserting windings 131, 133, and 135 formed in open- 

55 ings 1 42, 1 44 and 1 46 is described above by way of ex- 
ample as having tapered press 158 for moving fingers 
148 between the extended position 150 and retracted 
position 152. Of course, and as other applications, other 
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means for urging coils 137, 139, and 141 in slots 130, * 
132, and 134 are considered within the scope of the 
present invention. Other means, such as, but not limited 
to pneumatic means, hydraulic means, electrical 
means, and other mechanical means for urging and 5 
compacting coils 137, 139, and 141 in slots 130, 132, 
and 134 are considered within the scope of the present 
invention. 

[0050] Referring to Figure 1 1 , a completed stator 1 1 2 
is illustrated having coils 137, 139, and 141 disposed 
therein by the radial insertion method of the present in- 
vention. It has been determined that such a radial inser- 
tion method provides stator 1 1 2 with increased percent- 
age slot fill of windings 1 24 as compared to in-slot wind- 
ing. More specifically, radial insertion allows a packing 
force to be applied to windings 1 31 , 1 33, and 1 35 by tool 
140 to pack the windings in slots 130, 132, and 134. 
Thus, radial insertion enables a higher slot fill percent- 
age as compared to the in-slot winding method. 
[0051] Moreover, radial insertion also enables the in- 
terleaving of windings 131, 133, and 135 for each slot, 
which decreases the interference between the windings 
in the slots. Thus, radial insertion provides stator 112 
with a reduced end turn height as compared to axial in- 
sertion and in-slot winding. 

[0052] Stator 112 resulting from the radial insertion 
method has a slot fill of more than about 60%, an end 
turn of about 15mm at each end (e.g., total end turn 
height of about 30mm), and an overall winding weight 
of about 8 Va pounds. Accordingly, significant savings 
and improved performance for stator 112 are provided 
by the radial insertion method. More specifically, stator 
1 1 2 resulting from the radial insertion method has a slot 
fill of about 70%-75%. 

[0053] To further the comparison of the axial, in-slot 
and radial insertion methods, It is assumed that stators 
12 and 112 have a thickness of 20mm. Thus, stator 12 
having axially inserted coils 37, 39, and 41 has an over- 
all height of 71 mm (e.g., 20mm stator + 51 mm total end 
turn height) with a slot fill percentage of about 70% -75%. 
Similarly, stator 12 having in-slot formed coils 37, 39, 
and 41 has an overall height of 56mm (e.g., 20mm stator 
+ 36 mm total end turn height) with a slot fill percentage 
of about 50-55%. However, stator 112 having radially 
inserted coils 137, 139, and 141 has an overall height 
of 50mm (e.g., 20mm stator + 30 mm total end turn 
height) with a slot fill percentage of about 70%- 75%. 
[0054] The radial insertion method as described here- 
in reduces the shorts to ground and shorts between 
phases formed by the axial insertion method and ena- 
bles the use of paper and/or epoxy type insulations 1 23 
between the slots and the windings. Additionally, the ra- 
dial insertion method as described herein enables the 
use of larger gauge windings 124 as compared to the 
in-slot methods, thus allowing for fewer insertion passes 
and, thus, increased cycle time. 

[0055] Under certain instances the end turn height 
provided by the radial insertion method is low enough 
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for windings 131, 133, and 135 to contact stator 112. 
More specifically and with reference to Figure 9, stator 
112 includes an end turn region 166 defined on the top 
and bottom of the stator between slots 130, 132, and 
1 34. Reduction of the end turn height to the point where 
even a portion of windings 131, 133, and 135 contacts 
end turn region 166 is not desired. Thus, layer of elec- 
trically non-conductive insulation 123 is applied to end 
turn region 166 to prevent such grounding of windings 
131, 133, and 135 on stator 112. 
[0056] Insertion of insulation 123 at end turn region 
1 66 further allows compression of the end turns of wind- 
ings 1 31 , 1 33, and 1 35 to be compressed. More specif- 
ically, after all of the windings 131 , 133, and 135 have 
been inserted in stator 112 a compressive force is ap- 
plied to the end turns to further decrease the end turn 
height. Here, insulation 1 23 prevents grounding of wind- 
ings 1 31 , 1 33, and 1 35 on end turn region 1 66 of stator 
112. 

[0057] As can be seen from this example, the radial 
insertion method provides for either a more efficient and 
powerful motor with the same overall dimensions as pri- 
or motors, or alternately allows for smaller and more ef- 
ficient motors with the same overall power as prior mo- 
tors. 

[0058] It should be recognized that the radial insertion 
method is described by way of example for stator 1 1 2 
being for a three-phase motor that has ninety-six slots 
having a one-to-six throw arrangement between phases 
resulting in sixteen coils 137, 139, and 141 for each 
phase, with each coil having fifteen individual windings 
1 31 , 1 33, and 1 35. Of course, and as other applications, 
the radial insertion method described herein being used 
with stators have more or less phases, slots, coils, wind- 
ings, and throws and the like are considered within the 
scope of the present invention. 

[0059] It should also be recognized that the interleav- 
ing of windings 124 for the radial insertion method is de- 
scribed above by way of example only as having wind- 
ings 124 interleaved in the one wire-in-hand, wrapped 
five times for each phase method. Moreover, it should 
be recognized that the interleaving of windings 124 for 
the radial insertion method is described above by way 
of example only as requiring three insertions of the five 
formed windings 124 stator 112. 
[0060] Of course, and as other applications, the inter- 
leaving using more or less than one wire in hand, wrap- 
ping more or less than five times, and/or radially insert- 
ing more or less than three times are considered within 
the scope of the present invention. For example, the de- 
sign of stator 112 having a design not having tooth tips 
126 provides slots 122 without restricted opening 121. 
Here, all of windings 123 are interleaved onto insertion 
tool 140 with stator 112 in the unmounted or unaligned 
position. After mounting stator 112 on insertion tool 140, 
the tool is activated to radially insert all of interleaved 
windings 123 into the toothless slots 122 of stator 112. 
Thus, in thus example only one insertion pass is need- 
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[0061] While the invention has been described with 
reference to an exemplary embodiment, it will be under- 
stood by those skilled in the art that various changes 
may be made and equivalents may be substituted for 5 
elements thereof without departing from the scope of the 
invention. In addition, many modifications may be made 
to adapt a particular situation or material to the teach- 
ings of the invention without departing from the essential 
scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as 
the best mode contemplated for carrying out this inven- 
tion, but that the invention will include all embodiments 
falling within the scope of the appended claims. 



Claims 

1. A method of inserting coils (137, 139, and 141) in 
slots (130, 132, and 134) of a stator (112), compris- 
ing: 

interleaving a first set of first phase windings 
(131) and a first set of second phase windings 
(133) on an insertion tool (140); and 
activating said insertion tool to radially insert 
said first set of first phase windings and said 
first set of second phase windings in the slots 
of the stator. 

2. The method of claim 1 , wherein interleaving said 
first set of first phase windings and said first set of 
second phase windings on said insertion tool com- 
prises: 

forming said first set of first phase windings in 
first phase openings (1 42) defined in said inser- 
tion tool; and 

forming said first set of second phase windings 
in second phase openings (144) defined in said 
insertion tool. 



set of phase windings and said first set of sec- 
ond phase windings on said insertion tool. 

5. The method of claim 1 , further comprising: 

indexing the stator on said insertion tool such 
that the slots are in radial alignment with said 
first phase openings and said second phase 
openings prior to activating said insertion tool 
to radially insert said first set of first phase wind- 
ings and said first set of second phase windings 
in the slots of the stator. 

6. The method of claim 1 , further comprising: 

interleaving a second set of first phase wind- 
ings and a second set of second phase wind- 
ings on said insertion tool; and 
activating said insertion tool to radially insert 
said second set of first phase windings and said 
second set of second phase windings in the 
slots of the stator. 

7. The method of claim 6, further comprising: 

securing said first set of first phase windings, 
said second set of first phase windings, said 
first set of second phase windings, and said 
second set of second phase windings in the 
slots of the stator. 

8. The method of claim 1 , wherein activating said in- 
sertion tool comprises: 

moving stripper fingers (148) from a retracted 
position (152) to an extended position (150) to 
strip said first set of first phase windings and 
said first set of second phase winding from said 
insertion tool. 

9. A method of winding a stator (112), comprising: 
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3. The method of claim 2, wherein forming said first 
set of first phase windings in said first phase open- 
ings and said first set of second phase windings in 45 
said second phase openings comprises: 

directly or indirectly forming said first set of first 
phase windings in said first phase openings 
and said first set of second phase windings in so 
said second phase openings. 

4. The method of claim 2, further comprising: 

indexing the stator on said insertion tool such 55 
that the slots are not in radial alignment with 
said first phase openings and said second 
phase openings prior to interleaving said first 



forming a first coil (137) on an insertion tool 
(140) such that said first coil is disposed in a 
set of first openings (142) defined in said inser- 
tion tool; 

forming a second coil (139) on said insertion 
tool such that said second coil is disposed in a 
set of second openings (144) defined in said 
insertion tool; 

mounting the stator on said insertion tool in an 
aligned position, said aligned position having a 
set of first slots (1 30) defined in the stator being 
aligned with said set of first openings and a set 
of second slots (1 32) defined in the stator being 
aligned with said set of second openings; and 
controlling said insertion tool to radially extend 
a plurality of strippers (148) to urge said first 



7 



13 



EP 1 294 082 A1 



14 



coil in said set of first slots and to urge said sec- * 
ond coil in said set of second slots. 

10. The method of claim 9, further comprising: 

removing the stator from said insertion tool 
such that said set of first slots are removed from 
alignment with said set of first openings and 
such that said set of second slots are removed 
from alignment with said set of second open- 
ings. 

1 1 . The method of claim 1 0, further comprising: 

forming another first coil (137) in said set of first 
openings; 

forming another second coil (1 39) in said set of 
second openings; 

mounting the stator on said insertion tool in said 
aligned position; and 

extending said plurality of strippers to urge said 
another first coil in said set of first slots and to 
urge said anther second coil in said set of sec- 
ond slots, 

12. The method of claim 11, further comprising: 

securing said another first coil and said another 
second coil in said set of first slots and said set 
of second slots. 

13. The method of claim 9, wherein controlling said in- 
sertion tool to radially extend said plurality of strip- 
pers comprises: 

moving a die (1 56) downwardly such that a cam 
face (1 62) of said die acts on said plurality of 
strippers to move said plurality of strippers ra- 
dially outward from a retracted position (152) to 
an extended position (150). 

14. The method of claim 13, further comprising: 

moving said die upwardly such that said cam 
face no longer acts on said plurality of strippers; 
and 

returning said plurality of strippers returns to 
said retracted position when said cam face no 
longer acts on said plurality of strippers. 

15. The method of claim 13, wherein said plurality of 
strippers pack said first coil and said second coil in 
said set of first slots and said set of second slots, 
respectively. 

16. The method of claim 9, further comprising: 

forming a third coil (141) on said insertion tool 



such that said third coil is disposed in a set of 
third openings (146) defined in said Insertion 
tool, said aligned position having a set of third 
slots (134) defined in the stator being aligned 
5 with said set of third openings, and said plurality 

of strippers being configured to urge said third 
coil in said set of third slots. 

17. A wound stator, comprising: 

10 

a stator core (112), said stator core having a 
central bore (120) for receiving a rotor (114) of 
an electric machine (110), said central bore in- 
cluding first phase winding slots (130) and sec- 

15 ond phase winding slots (132) formed in an al- 

ternating arrangement therein; 
a first phase winding (1 31 ) disposed in said first 
phase winding slots; and 
a second phase winding (1 33) disposed in said 

20 second phase winding slots, said first and sec- 

ond phase windings being disposed in said first 
and second phase winding slots by radially in- 
serting said first and second phase windings 
from a tool (140) having said first and second 

25 phase windings interleaved thereon. 

18. The wound stator of claim 17, further comprising: 

third phase winding slots (134) formed in said 
30 central bore in an alternating arrangement with 

said first and second phase winding slots; 
a third phase winding (135) disposed in said 
third phase winding slots, said first, second and 
third phase windings being disposed in said 
35 first, second and third phase winding slots by 

radially inserting said first, second and third 
phase windings from said tool having said first, 
second and third phase windings interleaved 
thereon. 

40 

19. The wound stator of claim 17, wherein said first 
phase winding and said second phase winding have 
an end turn height of not more than about 20mm on 
each end. 

45 

20. The wound stator co re of claim 19, wherein said first 
phase winding slot and said second phase winding 
slot have a slot fill percentage of more than about 
60%. 

50 
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Fig.5. 
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Fig.8. 
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Fig.9. 
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